C ancer clinical trials are essential to the progress of optimizing cancer care outcomes. Low enrollment of adult patients onto cancer clinical trials has been a long-standing problem in the United States, with accrual rates ranging from less than 2% to 11%. [1] [2] [3] [4] [5] [6] [7] [8] Of those patients who do enroll, most are white, educated, and have a high socioeconomic status as measured by employment, income, and/or insurance status. [7] [8] [9] Tere remains an underrepresentation of diverse and/or underserved participants in cancer clinical trials. 6, [9] [10] [11] [12] In this article, diverse refers to individuals who self-identifed in the electronic medical record as black, Hispanic, Asian or other. Consequently, the fndings from cancer treatment trials have questionable generalizability to underserved populations. 2, 4 Furthermore, underrepresentation of diverse or socioeconomically disadvantaged populations has resulted in sig-nifcant gaps in knowledge concerning the health beliefs, behaviors, and symptoms of racial and ethnically diverse populations across the cancer care spectrum. [13] [14] [15] Recruitment of diverse populations onto clinical trials has been well studied. Findings from multiple published studies have demonstrated multifactorial and institution-specifc reasons for low accrual among diverse populations. 16, 17 Tese fndings vary among diferent patient populations, ambulatory care settings, and delivery systems, suggesting that barriers to equitable accrual are community specifc. Moreover, most research has focused largely on cancer treatment trials, with a paucity of research exploring accrual to all types of cancer clinical trials, such as survey or symptom management trials.
Terefore, combining relevant published knowledge with institution-specifc characteristics may Accepted for publication May 28, 2015 . Correspondence: Naomi Ko, MD MPH AM; naomi.ko@bmc.org. Disclosures: The authors have no disclosures. JCSO 2015;13:429-435 ©2015 Frontline Medical Communications. DOI 10.12788/ jcso.0181. Background Enrollment rates onto cancer clinical trials are low and refect a small subset of the population of which even fewer participants come from populations of racial or ethnic diversity or low socioeconomic status. There is a need to increase enrollment onto cancer clinical trials with a focus on recruitment of a diverse, underrepresented patient population. Objective To use the electronic medical record (EMR) to understand the eligibility and enrollment rates for all available cancer trials in the ambulatory care setting at an urban safety net hospital to identify specifc strategies for enhanced accrual onto cancer clinical trials of diverse and underserved patients. Methods A clinical trial screening note was created for the EMR by the clinical trials offce at an urban safety net hospital. 847 cancer clinical trial screening notes were extracted from the EMR between January 1, 2010 and December 31, 2010. During that time, 99 cancer trials were registered for accrual, including clinical treatment, survey, data repository, imaging, and symptom management trials. Data on eligibility, enrollment status, and relationship to sociodemographic status were compared. Limitations This is a single-institution and retrospective study. Conclusion The fndings demonstrate that a formal process of tracking cancer clinical trial screens using an EMR can document baseline rates of institution-specifc accrual patterns and identify targeted strategies for increasing cancer clinical trial enrollment among a vulnerable patient population. Offering nontreatment trials may be an important and strategic method of engaging this vulnerable population in clinical research. Funding/sponsorship Boston Medical Center Minority-Based Community Clinical Oncology Program (NCI 1U-10CA129519-01A1), Boston Medical Center Carter Disparities Fund provide specifc opportunities to improve accrual. 18 Te electronic medical record (EMR) has great potential to aid in this regard, particularly in the setting of the Afordable Care Act and Meaningful Use. 19 Te purpose of this study was to use data from EMR screening logs at our ambulatory care clinic to defne baseline eligibility and enrollment rates for all cancer trials. Our overarching goal was to identify specifc strategies for enhanced accrual onto cancer clinical trials of diverse and underserved patients.
Methods
We conducted a retrospective study by using patient-level data from EMR (GE Centricity) in the calendar year 2010 to assess eligibility and enrollment characteristics of patients screened for available cancer clinical trials by certifed clinical trial nurses in accordance with protocols adopted by the Boston Medical Center (BMC) Clinical Trials Ofce.
Study site
BMC is the largest safety net institution in New England and has historically served the city of Boston's poorest and most disadvantaged populations. Te BMC Cancer Center is accredited by the American College of Surgeon's Commission on Cancer and serves about 1,300 cancer patients annually, most of whom come from underserved populations, including low-income families, people with disabilities, elders, minorities, and immigrants, regardless of insurance or ability to pay. Te BMC-Boston University Medical Campus institutional review board (IRB) approved this descriptive study.
Study population
Patients who were screened for a cancer clinical trial by trained nursing staf in the BMC clinical trials ofce and who had documentation of the screening within the EMR between January 1, 2010 and December 31, 2010 were included. Notable exclusions were patients who were screened but did not have specifc documentation (see Study methods section).
Te clinical trials ofce has several clinical trial nurses who are directly responsible for the open and pending clinical trials in a specifc disease subspecialty (eg, breast, lung, gastrointestinal). Tese clinical trial nurses track and follow new and existing patients within their subspecialty by attending tumor boards, scanning specifc provider clinics, and working with the cancer registry. Tey screen patients for any open trial for which they are potentially eligible.
In calendar year 2010, there were 99 cancer clinical trial protocols either opened or pending IRB approval. Tese trials are sponsored by a variety of organizations, including the National Cancer Institute (NCI), Southwest Oncology Group (SWOG), Radiation Terapy Oncology Group (RTOG), Cancer Trials Support Unit (CTSU), AIDS Malignancy Consortium (AMC), American College of Surgeons Oncology Group (ACOSOG), the National Surgical Adjuvant Breast/Bowel Project (NSABP), an industry sponsor, or they are investigator initiated (opened at our institution by one of our investigators). Te types of trials available included: treatment, survey, data repository, imaging, and symptom management.
Study methods
To document and track screening for cancer clinical trials in our ambulatory care setting, the BMC clinical trials program designed a specifc template within the EMR for use by the clinical trials nurses. Te screening note provides standard felds for: g Information about the trial for which a patient is being screened for; g Eligibility status;
g Enrollment status;
g Reasons the patient was or was not eligible; and g Reasons the patient was or was not enrolled in that trial. Te cancer clinical trial screening note is based on available information at the time the note is created in the EMR.
Clinical trial nurses identifed possible eligible patients through several mechanisms: oncology clinic patient visits, multidisciplinary tumor boards, tumor registries, and/or physician referrals. As patients were identifed, the clinical trial nurse initiated a screening note in the EMR that documented their possible eligibility and enrollment into specifc open clinical trials. Screening notes were not routinely generated when the initial assessment concluded that there were no open trials relevant to that patient's overall disease type. For example, if a new patient was evaluated for a trial enrolling hormone-positive breast cancer cases, yet the pathology reported triple-negative breast cancer, then the patient was immediately considered to have no open trial available and thus no screening note was created. Tis practice varied among clinical trial nurses, most entered a note documenting "No open trial available," but other nurses entered notes only after learning that other nurses were documenting in that fashion. Patients could be screened for multiple trials, which resulted in multiple screening notes per patient.
Data collection
All clinical trial screening notes opened within the 2010 calendar year were retrieved from the EMR. When eligibility or enrollment status was missing and/or screenings were deemed ineligible for an open trial, a manual chart abstraction was conducted to determine the exact reason or reasons for the patient's ineligibility and nonenrollment. Documented reasons for ineligibility and nonenrollment were categorized and described. Te study team reviewed all of the fndings to agree on fnal interpretations. Enrollment status was verifed through the clinical trials ofce enrollment database. Sociodemographic variables were retrieved from the electronic registration database, from a predefned list of self-reported categories for race/ethnicity, employment status, primary spoken language, country of birth, primary health insurance, highest level of education, and marital status.
Study measures
Eligibility status for each screening was categorized as either eligible or ineligible. Ineligible patients were further characterized for the reason ineligible: No Open Trial meant there was no specifc trial currently open for the overall disease type, which included administrative reasons for ineligibility for a specifc trial (IRB pending and/or trial subset closed); and Not Eligible for Open Trial meant that something specifc regarding their disease characteristics made them ineligible for enrollment onto a specifc open trial (ie, previous treatment, comorbidity, or missing clinical information). Enrollment status, among those deemed eligible, was categorized as either Enrolled or Not Enrolled. Tose who were not enrolled were further characterized for the reason not enrolled (ie, patient declined, or provider preference).
Analyses
Our unit of analysis was the screening note, not the patient. Patients were included more than once if they were screened for multiple trials. Outcomes of interest included: eligibility rate (number of screens deemed eligible for a specifc trial/total number of screens documented), enrollment rate (number who enrolled into a specifc trial/ number of screens deemed eligible for a specifc trial), and reasons for lack of enrollment. Chi-square and t tests were used to compare eligible screens with ineligible screens and enrolled with not enrolled patients in association with sociodemographic variables.
Results
In 2010, there were 847 screening notes opened among 542 unique patients. Tat resulted in an average of 2 screens per unique patient (range, 1-7). Most of the urban patients in this diverse group who were screened for trial enrollment were women and majority black (40%); 22% were non-English speakers, and 30% had been born outside of the United States (Table 1) . Tey were predominately covered by public insurance (66%) and either unemployed (31%) or retired (35%); most had breast, lung, or genitourinary cancers; and more than half were screened for a clinical treatment trial (55%), followed by symptom management trials (16%).
Te sociodemographic diferences in eligibility status were not signifcant, with the exception of age (Table 1) . Ineligible screens were slightly older, with a mean age of 62 years compared with 59 years for the eligible screens (P = .012). Tere were no diferences in eligibility status based on cancer site or type of trial ( Table 1) .
Most of the screening notes (n = 697, 82%) deemed the patient ineligible (Figure) . Among those who were ineligible, about a third (n = 258) were ineligible because there was no open trial relevant for that patient either because no trial existed for the specifc disease or an existing trial had been suspended owing to administrative issues, such as pending IRB approvals; or because the trial group closed a specifc subset (eg, age 40-45 years) to enrollment. Te remaining 63% of patients were ineligible because they did not meet specifc trial eligibility criteria for a trial actively open for accrual ( Table 2 ). Of the total 847 screenings, 18% (150) were deemed eligible for enrollment onto a clinical trial, and of those 150 eligible, 41% (61) ultimately enrolled.
Te most common reason for ineligibility among the group with an available open trial was that disease stage criteria were not met (30%; Table 2 ). Treatment status was the second most common reason (23%), because some patients had prior chemotherapy or other treatment-related exclusion criteria. Next, missing clinical information (eg, needs CT scan, awaiting staging or other more complete diagnostic testing) accounted for 17%, and comorbid conditions such as renal failure, heart disease, or a second cancer accounted for 15%. Ineligibility based on comorbid conditions primarily occurred when screened for treatment trials, but were equal among white and black patients (44% and 45%, respectively). Ten percent of ineligibility was based on nonclinical criteria not being met, for example, patients who were nonsmokers were not eligible for a trial investigating smokers. Few patients were lost to follow-up (3%) or left the institution to pursue their treatment (2%). Among those patients deemed eligible for a specifc trial (n = 150), a total of 61 (41%) enrolled onto the trial, and 89 (59%) did not enroll. Most of those who enrolled were sociodemographically underrepresented and included: 48% diverse; 56% with public insurance; 70% retired, unemployed or disabled; and 54% with a high-school education or less (Table 3) . Compared with the patients who enrolled, those who did not enroll were more likely to be diverse than white (68% vs 48%, respectively, P < .03) and unemployed, retired, or disabled (87% vs 70%, P < .05), and be recruited to a breast trial or a treatment trial.
Documented reasons for nonenrollment of eligible patients were primarily related to patient preference (75%; 67 of 89 declined to participate; Table 4 ). More specifc rationale was not documented. Te treating physician deemed a small number of eligible patients (17%) to be noncandidates because of their patient characteristics or treatment needs. Eight percent of those who did not enroll did not have any documentation to explain the reason for nonenrollment.
Discussion
Tis retrospective study leveraged the ambulatory care electronic medical record to understand our sitespecifc cancer clinical trial accrual patterns to inform programmatic interventions geared toward increasing overall enrollment. Te lack of diverse participation onto cancer clinical trials has been a long-standing problem. Research and eforts continue to call for understanding of patient and institution specifc barriers to diverse enrollment into clinical trials. 11 Specifcally, there has been an increased focus and efort on recruitment of diverse populations at the institutions where they receive care. 20, 21 Our Disease-stage criteria not met 133 (30) Treatment status 103 (23) Missing clinical information 73 (17) Comorbid conditions 64 (15) Nonclinical criteria not met 45 (10) No follow-up documented 12 (3) Treatment at other institution 9 (2) Total 439 study answers this call for analysis of our accrual patterns 22 and sharing of our methods and fndings. First, our results defne sociodemographic patterns to clinical trial enrollment at our institution, confrming that we screen a diverse, at-risk population for which sociodemographic characteristics did not determine eligibility status. Most of our patients were diverse (56%), had public or no insurance (76%), and were not employed (79%). Among our diverse set of patients, we did not fnd that sociodemographic diferences afected eligibility. Tese fndings are in contrast to those of other studies, which have shown racial diferences in eligibility at other institutions. 1, 23 Our results are encouraging because they suggest that our clinical trials program is opening types of trials for which our diverse patients are equally eligible.
Second, our results are consistent with a well-known challenge in clinical trial accrual to be the lack of specifc, relevant trial availability at any given time. 1, 19 Our documented eligibility rate of 18% is largely driven by a lack of open trials that ft patient disease characteristics at the time of screening or, even when patient disease characteristics met open trial criteria, because the trial was not available as a result of administrative barriers such as IRB approvals or trial group subsets being closed (38%, or 97 of 258). Tese reasons underscore the universal difculty in maintaining access to costly, open clinical trials that match an institution's specifc patient profle at any given point in time, 24 yet suggest several opportunities for improvement.
Simple access and matching trials to the most common disease stages and types observed in our diverse population is critical to increasing our eligibility rate and emphasizes the need for access to relevant clinical trials for our diverse population. 25 Tis highlights the need to acquire and ofer trials, which target questions for our specifc patient population. 23, 26, 27 For example, if our breast cancer patients tend to present within a certain age range, or at a later stage, we can target trials that match those characteristics. Making
Original Report relevant types of trials available is critical to increasing enrollment, as our data demonstrate that when eligible, a large proportion of patients agree to participate.
In addition to targeting and maintaining trials that are refective of our patient population, our data provides evidence that there are other immediate opportunities for improving our understanding of the barriers to accrual at our institution. Several of the documented reasons (Table  2) are possibly modifable, such as: g Improving ongoing use of the EMR to monitor the most common disease type and stages seen at our institution (ie, disease stage criteria or treatment status) so that relevant trails are chosen to open for accrual; g Developing a standardized protocol for entry of screening notes into the EMR (eg, no follow-up documented); g Using more detail to enhance our documentation of reasons for patient refusal; and g Improving coordination of care to gather relevant clinical information between all oncology care providers expeditiously (eg, missing clinical information). Furthermore, other published studies that specifcally examined treatment trials have suggested that comorbid conditions afect eligibility onto clinical trials, particularly in underserved populations. 1, 5 We did not fnd comorbid medical conditions to play a major role in the eligibility of our patients to our particular set of open trials (both treatment and nontreatment). Only 15% of the screening notes (64 of 439) listed comorbid conditions as the reason for ineligibility, and they were equally distributed between racial/ethnic groups. However, 42 of those 64 ineligible screens due to comorbid conditions were being screened for a treatment trial, suggesting that consistent with the literature, comorbid conditions remain an issue for accruing otherwise eligible participants to treatment trials.
In addition, in contrast to published literature, 1,28 we did not fnd racial/ethnic diferences in trial eligibility. However, consistent with fndings in other studies, 10 we did confrm that among our patients who were eligible for trials, diverse and underinsured patients were least likely to enroll. Once eligible, when given the choice of participating in a clinical trial, 41% of individuals from our diverse population enrolled, however, our data does show enrolled subjects are more likely to be white, employed, and choosing nontreatment trials. Future collection and understanding of the reasons for declining enrollment will be critical data to collect as we pursue steps toward improved accrual.
Unique to our study is the inclusion of nontreatment cancer clinical trials (ie, data repository trials, supportive care trials, surveys), and a demonstration that our patients tend to enroll onto these trials over treatment trials. Recent research has started to acknowledge and address the opportunity to consider the spectrum of trials for which patients may be more willing to participate. For example, Nickell and colleagues have reported on using a "neutral, nontrialspecifc" approach to educating and recruitment of breast cancer patients who are of low-socioeconomic status. 29 In addition, Green and colleagues directly addressed the need for high-quality clinical and behavioral research studies, such as a health research registry. 30 Tis is a distinct option for engaging diverse populations in research. Furthermore, Heller and colleagues have reported that the greater the risk of the intervention (ie, drug trials), the greater the need to develop multiple strategies for recruitment. 31 Overall, widening the opportunities to all types of clinical trials may be one strategic method to improve participation in research for diverse populations.
A limitation of our data, in addition to its retrospective nature, is that all screenings were not represented in our EMR at the time of the study, because screening notes were not uniformly created if there were no open trials for a specifc patient. As a result, we have missing information in addition to an underestimated ineligibility if no trial was available. Another limitation is the potential for misclassifcation of data as some of the reasons for ineligibility had to be categorized retrospectively by chart abstraction, rather than by the person conducting the screening in real time. Finally, other clinical trials are ofered at our institution but do not participate in this particular screening mechanism, using the EMR. For example, there was no EMR documentation for eligibility or enrollment for amyloidosis, a disease that is commonly treated at our institution.
Overall, we demonstrate that an EMR cancer trial screening note in the ambulatory care setting provides valuable information to inform accrual patterns and catalyze change within an institution. Having the ability to systematically gather eligibility and enrollment rates from our electronic medical record has helped us to better understand our ambulatory cancer patient population and to identify next steps in improving our accrual onto cancer clinical trials. Recruitment for nontreatment trials may be a future strategy to increase diverse participation and engagement in clinical research. We need to continue to improve understanding and raise awareness of the benefts of clinical trials among our vulnerable patients, while investigating where the true institution-specifc barriers lay. 
